The directed flow of protons is studied in the quark-gluon string model as a function of the impact parameter for S+S and Pb+Pb reactions at 160 AGeV/c. A significant reduction of the directed flow in midrapidity range, which can lead to the development of the antiflow, is found due to the absorption of early emitted particles by massive spectators (shadowing effect). This effect can mimic the formation of the quark-gluon plasma (QGP). However, in the absorption scenario the antiflow is stronger for the system of light colliding nuclei than for the heavy ones, while in the case of the plasma creation the effect should be opposite. 
For the simulations of nuclear interactions the microscopic quark-gluon string model with rescatterings [23] is employed. It treats the hadronic and nuclear interactions on the basis of the Gribov-Regge theory accomplished by the string phenomenology. As independent degrees of freedom the model includes octet and decuplet baryons, and octet and nonet vector and pseudoscalar mesons, as well as their antiparticles. For simplicity the fine tuning mechanisms such as mean fields, enhanced in-medium cross sections, colour coherent effects or string-string interactions are disregarded in the present version of the model. A formation of the QGP is also not assumed in the QGSM, although one can consider the appearance of non-particle objects, strings, as a precursor of the plasma creation. The model has successfully predicted the magnitude of the directed flow at SPS energies [4] far before its experimental discovery [14, 15] , and up to now it provides one of the best agreements with the experimental data [15] among the microscopic models.
For the simulations at 160 AGeV two symmetric nuclear systems, a light ( 32 S+ 32 S) and a heavy one ( 208 Pb + 208 Pb), have been chosen. The mean in-reaction plane transverse flow of protons as a function of rapidity is defined in the calculations as
where N p is the number of protons and b is the impact parameter. To compare heavy ion systems with different radii, the distributions (1) are studied as a function of the reduced impact parameter,b = b/b max . This parameter varies in the simulations fromb = 0.15 (or even 0.05) for central collisions up tob = 0.9 corresponding to rather peripheral ones. For a symmetric system the maximum impact parameter is, apparently, b max = 2 R A , that gives b max = 7.11 (13.27) fm for S+S (Pb+Pb) collisions.
Results are shown in Figs. 1(a) and 1(b). Here the in-plane transverse momentum of protons is defined in the scale-invariant form [24] p x (ỹ)/A , where the reduced momentum,p x = p x /p c.m. , and reduced rapidity,ỹ = y/y c.m. , are normalized to the center-of-mass momentum and rapidity of the projectile, p c.m. = 8.65 and y c.m. = 2.9, respectively. Immediately one can see that for the light system [ Fig. 1(a) ] the flow has a more complex structure in the midrapidity region compared to a simple linear dependence shown by a solid line in Fig. 1 . The antiflow in the central rapidity region |y| ≤ 1 develops already atb ≤ 0.3. Towards the semicentral and peripheral collisions the zone of irregularities in the behaviour of the directed flow becomes broader. In the case of heavy nuclei [ Fig. 1(b) ] the disappearance of the flow occurs also atb = 0.3 but within the narrower region, |y| ≤ 0.25. The distinct antiflow signal seems to appear only in peripheral,b ≥ 0.75, collisions. As expected, the flow signal at an SPS energy is significantly weaker compared to that in calculations at an AGS energy [16] .
To quantify the strength of the antiflow and normal flow separately the reaction zone was subdivided into rectangular cells with volumes V cell = 1.6 × 1.6 × 1.2 = 3 fm 3 . The time evolution of the baryon density, n B , and the collective velocity of the cells, v cell , was considered. To distinguish between the normal flow and antiflow components the step function, Θ, of the product p cell x y cell is used in the calculations:
Figure 2 depicts a snapshot of baryon densities and collective velocities of the cells in S+S collisions at SPS energy, calculated at fixed impact parameter b = 2.13 fm (b = 0.3) at time t = 6 fm/c. The antiflow component develops towards the relatively more dilute zones of nuclear collisions, whereas the normal flow component follows the baryon rich remnants of the interacting nuclei. Apparently, the total flow is determined by the interplay between these two components. This leads to the reduction of the total flow because of their mutual cancellation.
To calculate the mean directed flow of protons in the forward or backward hemisphere of the center-of-mass system, p dir x /N p , the proton rapidity distribution, dN p /dy, should be integrated over the whole rapidity range with the weight p x (y)/N p , given by Eq. (1), namely,
The time evolution of the proton directed flow in forward hemisphere is shown in Fig. 3 . We see that both, the normal flow component and the antiflow component, develop quickly and reach a maximum at t ∼ = 2 fm/c after the beginning of collision. The partial flows are almost two orders of magnitude larger than the resulting directed flow. It is worth noting also that the total directed flow of protons decreases slightly after t = 6 fm/c. This is due to decays of baryonic resonances, which dominate over the formation of resonances at the late stage of the reaction. Despite the normal flow component, integrated over the whole rapidity range, is always slightly larger than the antiflow one, in some rapidity windows the antiflow component can overshadow its normal counterpart. For instance, particles emitted with small rapidities at the early stage of the reaction in "normal" direction are absorbed by two massive spectators, while particles emitted in the opposite direction remain unaffected. The signal becomes weaker with increasing centrality of the collision because of the shrinking of space where the particles could be emitted unscreened. In heavy systems the emission of particles from the central fireball increases. Thus the absorption of several early emitted particles by the flying spectators becomes less effective, and the relative strength of the antiflow decreases. Figure 4 presents the rapidity distribution of the directed flow of protons together with the flow and antiflow components at the late stage of S+S collisions withb = 0.3. The resulting flow has a characteristic wavy structure. It tends generally to grow with rapidity rising from y = −2.5 to y = −0.4, and from y = 0.4 to y = 2.5. In the midrapidity range |y| ≤ 0.4 the total flow decreases. This effect can imitate the expected softness of the EOS due to the plasma creation and, therefore, it should be taken into account in the analysis of experimental data.
In conclusion, directed flow of protons is studied in semicentral and peripheral sulphursulphur and lead-lead collisions at 160 AGeV generated by a quark-gluon string model of nuclear collisions. The flow is shown to have a complex structure in the rapidity range |y| ≤ 1.5, which is strongly dependent on the centrality of the collision, as well as on the mass number of colliding nuclei. The total directed flow can be decomposed onto the normal component, which follows the outgoing residues of collided ions, and the antiflow component, which develops in the opposite direction, where the baryon matter is more dilute.
Although these partial components are relatively large, their mutual cancellation leads to a rather modest signal of the total flow. In S+S collisions with an impact parameter b ∼ = 2 fm (b ∼ = 0.3) the antiflow already dominates over the normal flow in the central rapidity range |y| ≤ 0.4. This circumstance causes the decrease of the total flow. In heavy systems like Pb+Pb the effect is most pronounced in peripheral collisions with b ∼ = 9 fm (b ∼ = 0.7) or larger, although the significant disappearance of the flow in the range |y| ≥ 0.5 takes place already in semicentral events with b = 4 fm (b = 0.3). This can be misinterpreted as an indication for the softening of the EOS of strongly interacting matter.
Note that in the microscopic string model like QGSM the total directed flow of protons changes its behaviour in the central rapidity region because of almost purely geometrical reasons. Therefore, the effect is more distinct in the collisions of light ions. With the rise of incident energy the remnants of nuclei move faster thus giving space for the antiflow development. Hence, the characteristic change of sign of the total flow in heavy ion collisions should appear not only in peripheral collisions, but also in semicentral and even in almost central collisions (1 fm ≤ b ≤ 3 fm) at RHIC energies ( √ s = 200 AGeV).
This description is opposite to the picture of non-central heavy ion collisions given by hydrodynamic models. In hydrodynamics the creation of a QGP is likely to occur in heavy (Pb+Pb or Au+Au) systems rather than in light (S+S) systems. The formation even of a small amount of plasma with the subsequent phase transition to the hadron phase can also produce the negative slope of the p x (y) -distribution in the midrapidity region. The effect, therefore, should essentially be more pronounced in heavy ion collisions compared to collisions of light ions with the same reduced impact parameter. The situation clearly awaits better experimental data on proton directed flow in the central rapidity region. 
